A 35-day experimental study consisting of a 28-day growth and a 7-day nitrogen (N) balance studies was conducted to assess the effect of processing on protein utilization in rats. The growth, N utilization and liver composition of male albino rats (45-60g) fed mixtures of cooked, uncooked, dehulled and undehulled cereal and legume proteins were investigated. These diets provided 
INTRODUCTION
One of the major nutrition problems in the world today is the limited sources of animal protein for the rapidly increasing populations. Consequently, a relatively large percentage of the vulnerable groups particularly children (under-5years) suffer protein deficiency disorders. This is really complex in the developing countries where proteinenergy malnutrition (PEM) is one of the most serious public health problems prevailing among children (Marcos and Gabriel, 1983) .
To bridge the gap between protein needs and supplies, plant proteins are receiving considerable attention as the most important dietary sources for meeting the nutritional needs of the majority of the people in the developing countries. This is due to their availability, low cost and acceptability. In these countries, legumes, cereals, oil seeds, vegetables, roots, and tubers constitute the staple foods. However, legumes and cereals are the most important sources of protein and energy intake (Casey and Wringley, 1981) . They supply about two-thirds of man's protein and energy intake (Pimental et al, 1975) .
Among the several types of cereals consumed in Africa and Asia, Sorghum bicolor is the chief food grain. More than 95% of the total food use of sorghum occurs here (FAO, 1995) . In West Africa sorghum is an important staple, particularly in northern Nigeria where it is grown in 6 million hectares (Okoh, 1998 ). It constitutes a major source of energy in the diets of the people (Nnam, 2001 ). The protein is low, varying from 7.5 to 9.0 %, and is deficient in lysine, threonine, trytophan and methionine (Ihekeronye and Ngoddy, 1985) . To improve its protein, sorghum foods must be supplemented with foodstuffs rich in the deficient amino acids. Legume foods are ideal supplement for sorghum in sorghum-based diets.
Cowpea is a popular legume in the Nigerian diets. It is one of the major legumes grown extensively in northern Nigeria (Nnam, 1995) . The protein quality ranges from 18 to 35 % (Elegbede, 1998) . It is rich in lysine, threonine, valine, isoleucine, and leucine (Ma and Bliss, 1975) and deficient in sulphur containing amino acids (SAA). It is also rich in absorbable carbohydrates, minerals and vitamin B-complex (Walker and Kochner, 1982) .
It is known that the simultaneous consumption of cereals and legumes provides a technique for improving protein nutrition within the economic and cultural patterns of Nigerian families. Obizoba (1986) reported improved digestibility of cereal proteins supplemented with pulses and fed to rats. In another study, he observed that when plant proteins are carefully selected and judiciously combined, the protein so produced could be equal to or better than animal protein (Obizoba, 1990) . However, cereals and legumes contain some antinutrients (tannins, phytate, saponins, and trypsin and amylase inhibitors). The antinutrients must be sufficiently reduced to low and safe levels by food processing. Additionally, food processing increases palatability, alters bioavailability of nutrients, reduces the rate of formation of off-flavours and prolongs shelf life.
Little or no biological work has been done on cooked/uncooked or dehulled /undehulled sorghum and cowpea formulated at various nitrogen (N) ratios. The present study was conducted to investigate the effect of cooking and dehulling on the nutritional value of sorghum and cowpea. Growth, nitrogen balance (N), net protein utilization (NPU), biological value (BV) and liver compositions were the parameters selected to assess the effect of mixed protein diets in rats.
MATERIALS AND METHODS

Materials:
Red sorghum (Sorghum bicolor) and white cowpea (Vigna unguiculata) were the sources of the dietary protein. The food grains were purchased in bulk from the Nsukka local market in Enugu state of Nigeria.
Preparation of Materials:
Five kilograms (5kg) of sorghum and 3kg of cowpea (beans) were thoroughly cleaned to remove foreign bodies. These food grains were divided into two equal halves. One half of the sorghum was washed, dried in a convection air oven at 95 ○ C for 4 hours to 99 % dry matter and milled raw (RS) in a laboratory hammer mill to fine powder (70mm mesh screen). The other half was boiled in tap water at a ratio of 1:3 (W/V) for 70 minutes when the grains were soft enough for human consumption. One half of the beans were dehulled by the traditional method of soaking in cold water in a ratio of 1:3 (W/V) to facilitate dehulling. The hulls were removed manually after 3-4 minutes of soaking. The dehulled beans (DB) were boiled in water in a ratio of 1:3 (W/V) at 100 o C for 45 minutes. The undehulled beans (UB) were thoroughly washed and boiled at 100 o C for 90 minutes. They were all prepared by the traditional method of cooking in saucepots. The cooked sorghum, dehulled and undehulled beans were oven-dried separately at 95 o C for 12 hours to 99 % dry matter and hammer-milled to fine powder (70mm mesh screen). The processed flours were packaged separately in polythene bags and frozen until used for chemical analysis and diet formulation.
Diet Formulation:
The ingredient composition of the experimental diets is presented in Table 1 .The diets were formulated on N basis to provide 10 % protein or 1.6g N/ 100g diet. Casein served as the reference protein. The ratios of 80:20, 70:30 and 60:40 (protein basis) of sorghum and beans were used in formulating the remaining five diets. The five diets derived 60-80 % of their N from raw (RS) and cooked sorghum (CS). The other 20-40 % N came from dehulled (DB) and undehulled (UB) beans. Corn starch, sucrose, vegetable oil, mineral and vitamin mixes were added to balance the diets. Various amounts of sucrose and cornstarch were added depending on the protein source. The diets were packaged in polythene bags and stored in a freezer until used for the study.
Animal Housing and Feeding: Thirty-six male albino weanling rats (45-60g) were used to conduct a 35-day study, which included a 28-day growth and a 7-day N balance period. The rats were fed rodent laboratory chow during a 2-day adjustment period. The rats were divided into six groups of 6 rats each on basis of body weight. They were housed individually in stainless steel metabolic cages equipped to separate urine from faeces. The rats were weighed before having access to the diets and at weekly intervals to calculate the weight gain. The food intake of each rat was recorded every other day to calculate protein efficiency ratio (PER). A 7-day food intake of each rat was recorded daily to calculate the nitrogen (N) intakes of each animal during the N-balance periods. PER and Nintakes were calculated according to the formula: Protein efficiency ratio (PER) = Body weight gain in grams / Protein intakes in grams. Nitrogen intake (N-intake) = food intake in grams x 0.016.
Collection of Urine, Faeces and Livers:
For the Nbalance studies, carmine red, a biological marker was added to the diets to mark the beginning and the end of faecal collections. It was fed to the rats at the mornings of days 28 and 35. Coloured faeces appeared beginning on days 29 and 36. Coloured faeces appearing on day 29 were included in the pooled faecal sample while those appearing on day 36 (7 days) were discarded. However, all the uncoloured faeces excreted on the other days were collected. The individual faecal collections were dried in an air oven at approximately 60 0c to a constant weight. The dried faeces were weighed, ground into fine power and stored in a refrigerator until used for faecal N determination. Urine was collected from 7.00am of day 28 through the morning of day 36 (7 days). One ml of 0.1N hydrochloric acid was added as a preservative to the urine samples to prevent the loss of ammonia. They were stored in a refrigerator until analysed for urinary N. At the end of the experimental period, the rats were weighed, sacrificed and dissected to remove their livers. The livers were weighed individually and wrapped in polythene bags and frozen until used for subsequent analysis Laboratory Analysis: The nitrogen content of the food sources, diets, faeces, urine and livers were analysed using the micro-Kjeldahl procedure (AOAC, 1995) . The liver moisture was determined by the AOAC procedure (AOAC, 1995) . The lipid content of the livers was analysed using Tecator soxtec equipment. All the procedures adapted were those of the manufacturer.
Data Analysis:
The data collected during the growth study and N-balance periods were used in calculating the food intake, body weight gain and protein efficiency ratio (PER) of the diets. The urinary and faecal N and N intakes were used for calculating apparent N digestibility, N retention, net protein utilization (NPU %) and biological value (BV %) according to the formula given below.
Nitrogen digestibility (digested nitrogen) = N intake (1) -faecal nitrogen (F)
Nitrogen retention (N-balance) = Digested nitrogenUrinary nitrogen (U) Biological value (BV %) = N-retention / Digested nitrogen X 100
Net protein utilisation (NPU %) = N-retention / N-intake X 100.
All the data were subjected to analysis of variance and Duncan's New Multiple Range Test using Steel and Torrie (1960) procedures to determine which protein mixtures (test diets) were significantly different in relation to the parameters tested.
RESULTS AND DISCUSSION
The crude protein value for casein was 87.28%, raw sorghum (RS) 13.34%, cooked sorghum (CS) 11.70%, undehulled cowpea 27.34% and dehulled cowpea 27.67%. The values for food intake, weight gain, PER, liver's weight, nitrogen, lipid and moisture of the rats fed the control and test diets are presented in Table 2 . The rats fed casein (diet 1) had the highest food intake (277.0g). The food intake varied significantly from that of the rats fed diet 3 (188.20g) (P < 0.05). The food intakes for the other treatments were comparable (P > 0.05). The higher food intake of rats fed diet I was not surprising because casein is an animal protein. Diet 1 was much more acceptable, palatable and provided a better profile of essential amino acids (EAAS). Rats are known to eat more food when it has good organoleptic appeal (Ihekoronye and Ngoddy, 1985) . In the present study, weight gain of rats was influenced by food intake. The rats fed on diet I with relatively high food intake had significantly higher weight gain compared to the respective weight gains of the test groups (P < 0.05). The animals on diets 5 and 6 gained more weight than those fed diets 2 and 3 (P < 0.05). However, the weight gain was not different from those fed diet 4 (P > 0.05). It appears that the combination of 60:40, sorghum: bean ratio supplied a better pattern of EAAS, which the rats utilized for the synthesis of body protein.
Furthermore the weight gain of the two groups of rats suggests that food processing did not improve the protein quality of sorghum.
The PER values were influenced by food intake and body weight. The highest PER value was that of the rats fed diet 1 (P < 0.05). At lower N ratio for sorghum and high for cowpea (60:40), the rats fed diets 5 and 6 had significantly higher PER values (P < 0.05). Judging from the PER, the proteins supplied by the two diets were equally utilized. The higher PER for the two groups of rats fed diets 5 and 6 was due to synergistic supplementation effects of sorghum and cowpea proteins. This produced a desirable pattern of ammo acid that was not altered by food processing.
Regardless of the processing methods, the liver composition of the rats appears to reflect the protein quality of the diets. Food intake and body weight influence liver weight. The group of rats fed casein diet (diet 1) had higher food intake, weight gain and the highest liver weight compared to the other test groups (P < 0.05). The liver N concentration of the rats fed diet 1 was the highest. Diets 5 and 6 had higher liver N concentration compared with the other test groups. However, the differences were not significant (P > 0.05). There were some variations in the liver moisture of the rats. Diet 1 induced the highest value when compared with the other groups of rats. The values were not different (P> 0.05). Diet 1 produced the lowest liver lipid concentration and diet 3 (80:20 N ratio) had the highest value. Relatively, low liver lipid and high liver weight have been reported in rats fed casein diet (Pore and Mager, 1978) . On the other hand, Aoyama et al. (1973) found accumulations of fat in the liver of rats fed low protein diets. Similar results obtained in this study are not surprising. Table 3 presents the values for N-intake, faecal and urinary N, digested and retained N, biological value (BV) and net protein utilization (NPU) of the rats fed various mixed diets. Rats that consumed diet 1 had a higher mean N Intake as compared to other groups of rats (P < 0.05). There was improved N intake as the N ratios of RS and CS decreased with equal increases in UB and DB levels in the diets (0.76, 0.90 and 0.92g). It appears that at these lower N ratios, the diets were palatable as such the rats ate more.
There were variations in faecal N excretion. With the exception of diets 2 and 1, the other diets induced higher faecal N excretion in rats. This excessive faecal N loss could be due partly to poor digestibility, digestive enzyme fractions and sloughed off cells. The faecal N excretion affected N digestibility. The rats fed casein diet had higher N intake, excreted less faecal N and had higher digested N value (P < 0.05). The group fed diet 6 had higher faecal N value which significantly lowered its digested N when compared to its relatively high N Intake. The comparable digested N values for rats consuming diets 2, 4 and 6 clearly demonstrated that processing did not improve N digestibility of sorghum and white cowpea proteins in rats. The high faecal N excretion of the test groups appeared to be entirely compensated by reduction of urinary N. The control group had comparatively higher urinary N and lower faecal N excretions. The reduced urinary N excretions of the test groups indicate that the additional N for microbial action was supplied by the host organism from an endogenous source (Harmuth-Hoene and Schwerdferger, 1979) .
Such physiological adaptive mechanisms are bound to effect N-balance.
Diet 1 induced high N retention than feeding the other diets. Obviously, the casein diet possessed better pattern of EAAS. This promoted N-retention inspite of the high urinary N losses. Judging from the retention value, heat treatment and dehulling did not make much difference in the utilization of sorphum and cowpea proteins. The rats fed the raw sorghum and the undehulled cowpea had slight increases in N retention value at various N ratios (RS: UB 80:20, 70:30, and 60:40) . This would be due to adequate energy levels in the diets. The BV values for the test groups were comparable (P > 0.05). However, they were significantly higher relative to that of the control group (P < 0.05).
Feeding raw sorghum and undehulled cowpea to rats produced much higher NPU values (P < 0.05). These were comparable to that of the control diet (diet 1) (P > 0.05). The observed decrease in the mean percent NPU values for the C.S: DB diets (diets 3 and 6) tend to imply that the heat treatment might have been severe. Almas and Bender (1980) reported increased N susceptibility to heat processing in protein foods containing significant amounts of carbohydrates. Plant proteins in general and cereals in particular are rich sources of carbohydrates. It seems more likely that the cross linkage formed during the development of millard complex must have rendered most EAAS in the CS: DB diets unavailable. The utilization of the dietary protein was adversely affected by alteration in pattern of EAAS absorbed or denaturation of proteins-a commonly observed phenomenon.
